The recessive mouse mutation kreisler affects hindbrain segmentation and inner ear development in homozygous mice. The mouse gene affected by the mutation was found to encode a basic domain leucine-zipper (bZIP)-type transcription factor of the Maf-family named kr (Cordes, S.P. and Barsh, G.S. Here we demonstrate by Southern blot analysis that mafB is the avian homologue of kr, and present a detailed pattern of its expression during avian and murine embryonic development. Consistent with the kreisler phenotype, mafB is expressed in avians in the tissues which are affected by the mouse mutation: rhombomeres 5 and 6 (r5 and r6) and the neural crest derived from these rhombomeres. However, our analysis reveals a variety of additional expression sites: mafB/kr expression persists in vestibular and acoustic nuclei and is also observed in differentiating neurons of the spinal cord and brain stem. Restricted expression sites are found in the mesonephros, the perichondrium, and in the hemopoietic system. Since these expression sites are conserved between mouse and chicken we reexamined homozygous kreisler mice for unrevealed phenotypes in the hemopoietic system. However, peritoneal macrophages from homozygous kreisler mice were found to be functionally normal and still expressed mafB/kr. Other adult tissues examined from homozygous kreisler mice had also not lost mafB/ kr expression. Our results thus indicate that the kreisler mutation involves a tissue specific gene inactivation and suggest additional roles for mafB/kr in later developmental and differentiation processes that are not revealed by the mutation. © 1997 Elsevier Science Ireland Ltd.
Introduction
The mouse kreisler mutation was originally identified in an X-ray mutagenesis screen by the hyperactive behavior pattern of mutant animals, characterized by head tossing and running in circles (Hertwig, 1942) . Homozygous kreisler mice were also noted to be deaf and unable to swim, characteristics consistent with a defect of inner ear function. Morphological analysis revealed that the otic vesicle of these animals, which normally lies adjacent to rhombomeres 5 and 6 (r5 and r6) of the developing hindbrain, is displaced laterally and develops into a cystic structure with-is extinguished in r5 but maintained in r3 (Frohman et al., 1993; McKay et al., 1994) . These findings are consistent with a loss of r5 and at least part of r6 in homozygous kreisler mice. Accordingly, the derivatives of the neural crest originating from these rhombomeres, i.e., the glossopharyngeal ganglion and nerve and the abducens nerve, are missing in the mutant (McKay et al., 1994) . Moreover, in adult homozygous kreisler mutants, the hyoid bone shows abnormalities which were interpreted to correspond to a homeotic transformation (Frohman et al., 1993) .
The original X-ray induced kreisler allele is a submicroscopic chromosomal inversion (Cordes and Barsh, 1994) . Starting with marker probes derived from the inverted fragment, Cordes and Barsh (1994) have isolated a cDNA encoding a basic domain leucine-zipper (bZIP) transcription factor of the Maf family. To prove that this cDNA encodes kr, a second kreisler allele, kr Eric was generated by chemical mutagenesis and found to carry a mutation in the DNA binding domain of the kr cDNA (Cordes and Barsh, 1994) .
Kr shows 84.8% amino acid identity to avian mafB (Kataoka et al., 1994; Sieweke et al., 1996) , which was identified by its homology to other Maf family members (Kataoka et al., 1994) and as an interaction partner of the Ets-1 transcription factor (Sieweke et al., 1996) . In the hemopoietic system mafB is very selectively expressed in myelomonocytic cells, where Ets-1 is also expressed (Sieweke et al., 1996) . In addition Ets-1 is found in transformed and normal yolk sac erythroblasts of the chick embryo (Ghysdael et al., 1986; Vandenbunder et al., 1989; Qu6va et al., 1993) and is capable of activating promoters of erythroid genes (Seth et al., 1993; Sieweke et al., 1996) . MafB interaction with Ets-1 represses Ets-1 mediated transactivation of erythroid genes (Sieweke et al., 1996) suggesting that mafB function might be required to repress Ets-1 responsive erythroid genes in the myeloid lineage.
Here we report that mafB and kr are equivalent genes of different species. Accordingly, analysis of the pattern of expression of mafB in the avian embryo by in situ hybridization revealed that it is expressed in r5 and r6, the development of which is affected in homozygous kreisler mutant mice. However, the expression pattern of mafB/kr during later embryonic development is more widespread than would be anticipated from the kreisler mutant phenotype. In the nervous system, mafB/kr remains expressed in vestibular and acoustic nuclei as well as in the roof of the 4th ventricle, in the forming motoneurons of the spinal cord and some interneurons. In the mesoderm, mafB/kr is expressed selectively in the mesonephros and in a subset of non-erythroid cells of the hemopoietic system. Furthermore, mafB/ kr is expressed in the perichondrium of mesoderm and mesectoderm-derived bones. Since these additional expression sites are conserved between chicken and mouse but apparently unaffected by the kreisler mutation, we reexamined homozygous kreisler mice for additional phenotypes in the hemopoietic system and found that macrophage function is unaffected by the mutation. Surprisingly we found mafB/kr to still be expressed in all examined adult tissues of homozygous kreisler mice, including macrophages. These results indicate that besides its role in hindbrain development, mafB/kr is likely to have additional functions during later developmental stages.
Results

MafB is the avian equivalent of kr
Sequence comparison of avian mafB and kr had previously shown that the amino acid sequences corresponding to the two cDNAs are 84.8% identical (Sieweke et al., 1996) and suggested that they may represent equivalents of different species. Because of the close homology between different maf family members, however, it had to be ruled out that kr and mafB were closely related but different family members. Therefore a genomic Southern blot containing mouse DNA was sequentially hybridized to a probe of chicken mafB at low stringency and to a probe of kr at high stringency ( Fig. 1 ). Both probes hybridized to the identical re.striction fragments, indicating that mafB indeed represents the chick equivalent of kr.
Expression of mafB/kr during avian embryonic development
Expression of mafB/kr was examined by wholemount and radioactive in situ hybridizations on chick and quail embryos between the 1 somite stage (ss) and El2. No difference was observed between the two avian species. Sense MafB is the avian equivalent of kr. Southern blot containing genomic mouse DNA digested with BstXI (1) and Pstl (2). The same blot was sequentially probed with a chicken maJB probe under low stringency conditions and a mouse kr probe under high stringency conditions (see Materials and methods). Both probes detect identical restriction fragments.
RNA probes did not show any specific signal (not shown). MafB/kr was expressed in various ectodermal and mesodermal rudiments in a highly dynamic fashion. We focused our study on expression features which began early in development and were maintained at late stages. The expression in transient sites is thus omitted.
Expression of mafB/kr in the hindbrain
MafB/kr was expressed in r5 and 1"6 from the 5ss until E3. At the 5ss, the rhombomeres are not yet delineated but their presumptive territory has been localized in the fate map established by Grapin-Botton et al. (1995) . The presumptive area of r6 was already mafB/kr positive at the 5ss at very low levels (not shown). At the 6ss, the signal had increased to maximal levels and had extended to the prospective territory of r5 ( Fig. 2A) . Cross-sections of a 6ss embryo at the level of r5 showed that the entire neural tube, with the exception of the floor plate expressed mafB/kr (Fig. 2B) . The expression in r5/r6 had sharp rostral and caudal boundaries ( Fig.  2A , C, E). In addition, a diffuse labeling was observed in the neural folds caudal to r6 (Fig. 2C, D) . This dorsal labeling extended to r7 and the rostral part of r8, facing the second somite.
From the 14ss onward, the neural crest cells migrating at the level of r6 were mafB/kr positive (Fig. 2E) . Doublelabeling of hybridized sections with the monoclonal antibody (mAb) HNK-1, which specifically recognizes neural crest cells at that stage (Vincent et al., 1983) , showed that the majority, if not all, neural crest cells migrating at the level of r6 expressed mafB/kr (Fig. 2F) . The neural crest cells migrating rostral to the otic vesicle were only weakly labeled (Fig. 2E) . MafB/kr expression in the neural crest was transient: it was lost by the 18-20ss, when the crest cells had moved further away from the neural tube (Fig. 2G) .
MafB/kr was also expressed in the roof plate of more anterior rhombomeres, r3 and r4, from the 9ss onward ( Fig. 2E at 16ss) . Expression in the roof plate progressively extended caudally at later developmental stages: in a 25ss embryo, the roof plate was labeled between rl and the level of the 10th somite (Fig. 2G) .
MafB/kr is expressed in the nervous system at later developmental stages
MafB/kr expression in the neural tube of r5/r6 was maintained until E3 (stage 16-17 of Hamburger and Hamilton, 1951) (Fig. 2H) . MafB/kr expression in the roof plate of the rhombencephalon was maintained up to El2, the latest developmental stage examined in this study.
From E3 to EA, mafB/kr was expressed in the rhombic lip (Harkmark, 1954) as well as in several groups of cells in both the basal and the alar plate of the rhombencephalon (Fig. 3A) . The majority of the nuclei of the hindbrain can be identified from E7.5 onward (Tan and Le Douarin, 1991) . At E7.5 and El2, mafB/kr was expressed at high levels in the acoustic (nuclei angularis, laminaris, tangentialis, magnocellularis) and vestibular nuclei (n.) (Fig. 3B) . In the n. magnocellularis, only the rostral half expressed mafB/kr. Some vestibular nuclei such as n. vestibularis medialis and n. vestibularis superior were not labeled.
As shown in Fig. 3C , mafB/kr was expressed in the ventral horn of the spinal cord, the localization where the future motoneurons form. This expression was observed from E3 until at least El0 in the whole spinal cord but was strongest at the levels of the limbs. In the brain, the only motor nuclei which expressed mafB/kr were those of nerve VII (not shown). Interneurons were also mafB/kr positive from E5 onward (Fig. 4G ).
Expression of mafB/kr in the mesoderm and mesectoderm
In the mesoderm, persistent mafB/kr expression sites were observed in the mesonephros and in the hemopoietic system. High levels of mafB/kr expression were also observed in the perichondrium of mesoderm-and mesectodermderived bones.
The Wolffian duct at the level of the forming mesonephros expressed mafB/kr from the 16ss onward (Fig. 4A) . In an E4 quail embryo, glomerular epithelial cells in the developing mesonephros were strongly positive for mafB/kr (Fig.  4B ). The glomerular epithelium contains podocytes as well as mesangial macrophages. Double-labeling of sections with the mAb MB1/QH1 which is specific for endothelial and white blood cells of the quail (P6ault et al., 1983; Pardanaud et al., 1987) showed that the majority of MBI/QHI+ cells did not express mafB/kr (Fig. 4B) indicating that mafB/ kr is likely to be expressed by podocytes. Glomerular expression of mafB/kr persisted until at least El0 ( Fig.  4C ) and was also observed in the definitive kidney (not shown).
MafB/kr expression could not be detected in the embryonic yolk sac (not shown) nor in the erythroid lineage at any stage examined. Intravascular erythroblasts were always negative for mafB/kr expression ( Fig. 4B, G) . MafB/kr was also not expressed in intraaortic hemopoietic clusters or in paraaortic foci (not shown).
From E3 onward, however, mafB/kr expression was observed in isolated mesodermal cells, which are of hemopoietic origin, since in double-staining experiments in quail embryos they were also labeled with the mAb MB1/QHI (Fig. 4D) . In all analyzed sections, endothelial cells were negative for mafB/kr expression (Fig. 4B, D) . Furthermore, close examination of serial sections showed that the mafB/kr positive mesoderrnal cells did not belong to small capillaries as they occurred in isolation and were not included in vascular structures.
At later developmental stages, mafB/kr positive hemopoietic cells were localized in the dermis, in loose mesenchyme (Fig. 4E ,G) and from El0 onward in the bone marrow (Fig. 4E ). These staining patterns are consistent with the Fig. 2 . MafB/kr is expressed in r5/r6 and in the neural crest derived from these rhombomeres. A, C, E, G, H: Whole-mount in situ hybridization using a mafB antisense riboprobe on chick embryos at the indicated somific stages. Note mafB/kr expression in r5/r6 from the 6ss (A) until E3 (H), when expression fades.
B, D:
Cross-sections of an 8ss embryo at the level of r6 (B) and just posterior to r6 (D). MafB/kr is expressed in the entire neural tube with the exception of the floor plate (B) and posterior to r6 in the neural folds (D). E, F: MafB/kr expression in the neural crest. E: Whole-mount in situ of a 16ss embryo showing mafB/kr expression in the neural crest migrating posteriorly and anteriorly to the otic vesicle (OV) (stippled area). Note also mafB/kr expression in the roof plate of r2-r4. F: Bright-field image of a cross-section of a 17ss quail embryo posterior to the otic vesicle, hybridized with a radioactive mafB antisense riboprobe and double-labeled with HNK-1 mAb. Silver grains are found on HNK-1 positive neural crest cells. G: At the 25ss, mafB/kr is expressed in rS/r6 as well as in the roof plate of the entire rhombencephalon, extending posteriorly until the 10th somite. Note also onset of expression in the Wolffian duct previously observed expression of mafB/kr in macrophages (Sieweke et al., 1996) . From E4 onward, mafB/kr was strongly expressed in mesodermal precartilagenous condensations of the forming Fig. 3 . MafB/kr expression in the nervous system at later developmental stages. Dark-field images of radioactive in situ-hybridizations using mafB antisense fiboprobes. A: Cross-section of an E4 quail embryo at the level of the otic vesicle (OV) showing mafB/kr expression in the rhombic lip (arrowheads), the roof plate (arrows) and in neurons of the basal and the alar plate. Bar: 68 t~m. B: Cross-section of an El2 chick embryo showing mafB/kr expression in the vestibulo-acoustic nuclei: n. angularis (An), n. magnocellularis (Mc), n. laminaris (Lain) and vestibular neurons (Ve). Bar: 145/~m. C: Transverse section of an E4 quail embryo at the truncal level, just anterior to the forelimb. Note mafB/kr expression in the forming motoneuron columns. Ao, aorta; N, notocord; NT, neural tube. Bar: 108/~m. wing. As cartilage formation proceeds, this expression became restricted to the perichondrium (Fig. 4G) . Labeling of the perichondrium was not limited to the limbs, but was observed in the perichondrium of all bones, including membrane bones of neural crest origin (Fig. 4F) . Expression of mafB/kr in the neural crest was seen transiently in crest ceils migrating from r5 and r6. At about the 20ss, mafB/kr transcripts were no longer detectable in neural crest cells which had colonized the branchial arches. However, from E3.5 onward, mesectodermal crest cells which condense to form skeletal structures began to express mafB/kr.
MafB/kr expression in the mouse embryo
The mafB/kr expression sites outside r5/r6 suggested additional functions of this transcription factor during later developmental stages. However, homozygous kreisler mice apparently do not show a phenotype outside the hindbrain. We therefore first wanted to exclude that this was" due to species variations in the expression profile. We therefore analyzed mafB/kr expression in the El2 and El3 mouse embryo. According to the previous study (Cordes and Barsh, 1994) , mafB/kr was no longer detected at this stage. To exclude cross-hybridization with other maf family members, we used two overlapping mouse kr probes, one containing only the 3' untranslated region (UTR) of the cDNA and one comprising also the entire coding region (see Materials and methods). Both probes hybridized to the same tissues (not shown). In the nervous system, mafB/kr was expressed in the roof plate (not shown), in groups of cells of the basal and alar plate of the rhombencephalon (Fig. 5A) , and in motoneurons and intemeurons of the spinal cord (Fig. 5B ). This expression was essentially identical to that observed in the avian embryo. MafB/kr was also highly expressed in zones of cartilage formation in the extremities (Fig. 5B) as well as in the head. Thus, expression of mafB/kr appears also conserved in the future perichondrium of mesoderm-and mesectoderm-derived bones.
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Macrophages from homozygous kreisler mice are functionally normal
NO into the medium (Fig. 6C) . Thus homozygous kreisler mice have macrophages that are functionally normal by several criteria; they are attracted to a site of inflammation and are competent to phagocytose and respond to activation signals.
Since mafB/kr expression in mice and birds appeared to be virtually identical, we wondered whether phenotypes in other mafB/kr expressing tissues had been overlooked in homozygous kreisler mice. We therefore analyzed homozygous mutant mice for defects in macrophages, which express high levels of mafB/kr (Sieweke et al., 1996 ; this study). Homozygous kreisler mice and phenotypically normal littermates were injected intraperitoneally with thioglycollate to test whether functional macrophages could be elicited in homozygous mutant mice. Like their control litter mates homozygous kreisler mice showed a strong thioglycollate induced peritoneal influx of macrophages, which exhibited a typical morphology with large irregular shape and multiple vacuoles (Fig. 6A) . Furthermore, when placed in culture the peritoneal macrophages appeared functional, as judged by their ability to phagocytose latex beads (Fig.  6B) and to respond to LPS/IFH-q/activation by release of
MafB/kr is expressed in adult tissues of homozygous kreisler mice
Given the absence of a phenotype in macrophages of homozygous kreisler mice, we wanted to investigate whether the expression of mafB/kr in macrophages was affected at all by the kreisler mutation. Therefore we hybridized macrophage RNA from control and homozygous kreisler mice using a probe from the 3' UTR of the kr cDNA. To our surprise, mafB/kr was indeed expressed to the same high levels in homozygous kreisler as in control mouse macrophages (Fig. 6D) . We next analyzed mafB/kr expression in several adult tissues of homozygous kreisler mice. Again, mafB/kr was found to be equally expressed in intestine, liver, spleen and bone marrow of homozygous mutant and control mice (Fig.  7) . 
Discussion
In this study we have shown by Southern blot analysis that the bZIP type transcription factor mafB is the avian equivalent of the gene affected by the kreisler mutation.
The expression pattern of mafB confirms its identity with kr. Like kr expression in mice, mafB transcripts in the developing avian embryo are also first detected in r5 and r6 of the hindbraln, the rhombomeres deleted in homozygous kreisler mice. We have performed a detailed analysis of the expression pattern of the mafB/kr gene in the avian and mouse embryos. We found that transcription of the mafB/kr gene is much more widespread than previously believed. Namely, it is strongly expressed not only in the nervous system, but also in white blood cells, in kidney glomeruli and in the perichondrium. The major observation made in this study is the fact that in homozygous kreisler mice expression of the mafB/kr gene is still maintained outside of the hindbrain. Consequently cell types like macrophages, with high expression levels of mafB/kr, are functionally normal in the mutant. We thus conclude that the original kreisler mutation, which involves a submicroscopic chromosomal inversion that leaves the coding region and 30 kb of 5' sequences intact, affects a tissue specific control element and thus causes a selective gene inactivation. Whether the situation is similar in the kr ~NU allele is still unknown. In this allele, a point mutation in the DNA binding domain has been detected and its transcription should thus be independent of tissue specific elements. However, this mutant has so far only been analyzed for its hindbrain phenotype (Cordes and Barsh, 1994) .
MafB/kr expression in the hindbrain appears to be highly dynamic. Expression begins in the presumptive territory of r6 (Grapin-Botton et al., 1995) at the 5ss and extends to r5 at the 6ss. The rostral and caudal boundaries are sharp from this stage onward. The boundaries between r4/r5 and r6/r7 appear at the 9ss and the 16ss, respectively (Lumsden, 1990) . Thus, the limits of mafB/kr expression are well defined before the appearance of morphological boundaries.
Interestingly, mafB/kr expression in the neural crest does not follow the same segmental pattern as in the neural tube.
MafB/kr is expressed in the neural folds of r5 and r6, but also of the more posterior rhombomere r7 prior to crest cell migration. This is reminiscent of other segmentation genes expressed in the hindbrain which also show a segmental shift of neural tube and neural crest expression. For example, Krox-20 is expressed in r5 in the neural tube and in r5/r6 in the neural crest (Nieto et al., 1995) . Hoxa-2 is expressed from r2 downward in the neural tube and from r4 downward in the neural crest (Prince and Lumsden, 1994) . The neural crest cells migrating from r5 rostral to the otic vesicle (Sechrist et al., 1993; Birgbauer et al., 1995) express only low levels of mafB/kr. The neural crest cells migrating from r5 caudal to the otic vesicle migrate together with r6-derived neural crest (Birgbauer et al., 1995) . To distinguish whether only r6 derived neural crest expresses mafB/kr or if part of r5-derived crest is also positive, double-labeling experiments with fluorescent tracers (or using the quailchick marker) and in situ hybridization would have to be carded out.
As observed for other segmentation genes such as Krox-20 Wilkinson et al., 1989; Nieto et al., 1995) , mafB/kr expression in r5/r6 and the neural crest is transient. In the mouse, Cordes and Barsh (1994) have already observed a fading of mafB/kr expression from r5/ r6 at the 22-somite stage. These authors also reported the absence of gene expression in the adult brain. In Contrast, we observed that mafB/kr expression in avians and mice reappears in the rhombencephalon and persists at least until El2. Moreover, in the spinal cord, both motoneurons and interneurons express this gene in the mouse and chick. MafB/kr does not appear to be a specific marker of r5/r6 derivatives, since it is also expressed in neurons which have a different embryonic origin, for example in the rostral part of n. angulads, which originates from r3/r4, and in several vestibular nuclei (Matin and Puelles, 1995) . It is, however, reexpressed by r5/r6-derived ceils of the rhombic lip and at later stages by the acoustic and several vestibular nuclei, which originate from the rhombic lip (Harkmark, 1954; Tan and Le Douadn, 1991) . MafB/kr could thus have a direct effect on the development of vestibulo-acoustic nuclei. This observation is interesting, since in homozygous kreisler mice the deafness and alterations of the vestibular function could be linked to malformations not only of the ,inner ear but also of the auditory nuclei.
MafB/kr is expressed in zones of future bone formation and, once bone has formed, in the perichondrium. This expression pattem closely resembles that of FGFR2 (OrrUrtregger et al., 1991; Peters et al., 1992) , which has been found to be mutated in three craniosynostotic syndromes, the syndromes of Jackson-Weiss, Crouzon and Apert (Reardon et al., 1994; Rutland et al., 1995; Wilkie et al., 1995) . These patients show malformations of the skull as well as abnormalities of the hands and feet, suggesting participation of FGFR2 in the development of the limb.
MafB/kr has been shown to be expressed in myelomonocytic cell lines as well as in primary peritoneal and bone marrow macrophages but could not be detected in other hemopoietic lineages (Sieweke et al., 1996) . In this paper we now report mafB/kr expression in isolated interstitial cells that are identified as white blood cells by labeling with the mAb MB1/QH1. This is consistent with a selective expression of mafB/kr within the hemopoietic system in macrophages and their precursors. A more precise definition will have to await a detailed analysis of mafB/kr expression in primary hemopoietic cells, especially those of related lineages such as granulocytic cells.
MafB/kr has been shown to interact with the Ets-1 transcription factor and to repress Ets-1 mediated transactivation of erythroid genes (Sieweke et al., 1996) . This could contribute to the establishment and maintenance of the phenotype of myelomonocytic cells, where the two genes are co-expressed. Interestingly, the expression patterns of the two genes might overlap also in other regions of the embryo: in mice, Ets-1 was reported to be expressed in the presumptive hindbrain of E8 embryos as well as in kidney glomeruli (Maroulakou et al., 1994) . A more detailed analysis of coexpression of the two genes is necessary to investigate whether mafB/kr function in these tissues also involves interactions with Ets-1. MafB~r positive cartilage primordia do not express Ets-1, but are positive for the closely related Ets-2 transcription factor (Maroulakou et al., 1994) . Another interesting possibility is thus that the mafB/kr gene product might also interact with Ets-2.
Our detailed analysis of the embryonic expression pattern of mafB/kr provides the first complete picture of hindbrain expression and shows that mafB/kr transcripts are also present in a variety of other tissues at later developmental stages, suggesting additional roles in organogenesis and differentiation. The surprising absence of a phenotype of homozygous kreisler mice in these tissues could be explained by our observation that the kreisler mutation does not cause a complete inactivation of the mafB/kr gene. Even though redundancies at sites of overlapping expression with closely related family members cannot be ruled out, our results point to the intriguing possibility that a complete inactivation of the gene will reveal novel phenotypes in tissues where mafB/kr is also expressed, such as various types of neurons, bones, kidney and hemopoietic cells.
Materials and methods
Southern blot analysis
Twenty micrograms of genomic mouse DNA were digested overnight with the indicated restriction enzymes, separated on a 1% agarose gel and transferred to a NHybond membrane (Amersham) by alkaline transfer (Sambrook et al., 1989) . Probes were labeled by the randompriming method (Feinberg and Vogelstein, 1984) using 10-ng DNA template and 50 #Ci [a-32p]dCTP per reaction. Unincorporated nucleotides were separated by centrifugation through a 1-ml Sephadex G-50 column (Pharmacia). For the mafB probe, we used a 485-bp BstXI fragment spanning the C-terminal third of the coding region and 72 bp of 3' UTR of the cDNA (Sieweke et al., 1996) . For kr we used a 1010-bp NcoI fragment spanning the coding region of the cDNA (Cordes and Barsh, 1994) . Filters were hybridized according to Church and Gilbert (1984) and washed under low stringency conditions (first wash 500 mM NaPO4 pH 7.2, 1% SDS, 65°C; second wash lx SSC, 0.1% SDS, 65°C) in the case of mafB, and under high stringency conditions (first wash 4.0 mM NaPO4 pH 7.2, 1% SDS, 65°C, second wash 0.1x SSC, 0.01% SDS, 65°C) in the case ofkr.
Embryonic material
Experiments were performed on embryos of quail (Coturnix coturnix japonica) or JA57 chicken. Fertilized eggs were purchased from a commercial breeder and incubated at 38°C in a humid atmosphere. Embryos were staged according to the number of somites formed or according to days of incubation (E). For mouse embryos, we used Balb/C mice.
Kreisler mice
We crossed B6CBACa-AWJ/A-we a kr mice obtained from Clare Hall Laboratories of the Imperial Cancer Research Fund to generate mice homozygous for the kreisler allele. Homozygous kreisler animals are easily recognized by their black coat color due to the very closely linked nonagouti allele (a) and the typical kreisler phenotype showing deafness, circling behavior, balance problems and small size.
In situ hybridization
A 920-bp mafB cDNA fragment spanning nt 84-936 of the coding region and 68 bp of the 3' UTR (Sieweke et al., 1996) cloned into a pGEM3z vector (Promega), was used to prepare antisense and sense RNA probes. For the mouse embryos, antisense probes were synthesized from either a 1500-bp fragment spanning the coding region and 500 bp of 3' UTR of the kr cDNA or from a 500-bp EcoRI/NcoI fragment of the 3' UTR (Cordes and Barsh, 1994) . Wholemount in situ hybridizations were performed as described by Henrique et al. (1995) . For sectioning of wholemounts, embryos were embedded in gelatin-sucrose, frozen and 20-/~m cryostat sections were prepared as described in Pourqui6 et al. (1996) . Radioactive in situ hybridizations were performed on paraffin sections (7.5 /zm) of quail, chick or mouse embryos fixed in Carnoy's solution (60% EtOH, 30% CHCL3, 10% acetic acid). The procedures applied for section treatment, hybridization and washing were described previously (Eichmann et al., 1993) . After washing, the sections were either dehydrated and autoradiographed or treated with antibody (see below). Exposure time was 1 week.
Antibody staining
The hybridized and washed sections were transferred sequentially to PBS containing 0.03% H202 and PBS containing 2% new born calf serum for 20 rain each. Monoclohal IgM HNK1 undiluted hybridoma culture supernatant or monoclonal IgM QH1 ascites fluid diluted 500-fold in PBS was applied to sections overnight at 4°C. After washing in PBS, a horseradish peroxidase coupled secondary antimouse Ig antibody (Nordic Immunological Laboratories) at a 1:200 dilution in PBS was applied to the sections for 1 h at room temperature. Staining was revealed with diaminobenzidinetetrahydrochloride (Sigma) at 0.1% in PBS.
The reaction was started by the addition of 0.01% H202.
The sections were then dehydrated and autoradiographed.
Isolation and culture of macrophages
At 8 weeks of age we injected two male homozygous kreisler animals and two phenotypically normal males from the same litter (either kr/+ or +/+) intraperitoneally with 2 ml of thioglycollate and harvested peritoneal cells after 4.5 days as described (Mishell and Shiigi, 1980) . The morphology of the peritoneal cells was analyzed by cytospinning 2 x 105 cells onto a microscopic slide and staining them with Dif-Quik (Baxter). Peritoneal cells were cultured in NLM (DMEM, 20% FCS, 1 mM Na-pyruvate, 500/xM/3-ME, 10 mM HEPES pH 7.4, 100 U/ml penicillin, 100/zg/ml streptomycin) at a cell density of 1 x 106/ml. bryologie. We are grateful to Sabine Cordes and Gregory Barsh for providing the mouse kr probe and thank Drs. GUnter Weiss and Kelly McNagny for technical advice. The Institut d'Embryologie is supported by the Centre National de la Recherche Scientifique, the Institut National de la Sant6 et la Recherche Mrdicale, the Ligue Nationale Franqaise contre le Cancer and Fondation pour la Recherche Mrdicale Franqaise. A.E. was supported by the EC.
7. Functional macrophage assays
To analyze activation of peritoneal macrophages, 106 cells/24-well dish were cultured for 2 days and then either stimulated with 10 #g/ml LPS and 100 U/ml murine IFN-3, for 18 h or left untreated. As a direct indication of the NO released in response to the stimulation we determined the NO2 concentration in the medium using the Griess-Ilosvay reagent (Merck). Two hundred and fifty microliters of cell culture supernatant were cleared by centrifugation, incubated with 750/zl of reagent for 5 rain in the dark and the optical absorption was measured at 546 nm. For the phagocytosis assay cultured macrophages were incubated with a suspension of 0.6 #m blue carboxylated latex beads (Seradyn) for 2 h at a 0.05% dilution followed by three extensive medium washes. Under these conditions less than five beads per cell were found to adhere non-specifically to fibroblasts.
Northern blot analysis
RNA was isolated using the RNeasy kit (Qiagen). Tissues were flash frozen by immersion into liquid nitrogen immediately after excision and ground to a powder; peritoneal macrophages were washed once in PBS before addition of the lysis buffer. Twenty micrograms (tissues) or 15 t~g (peritoneal macrophages) of total RNA was separated by electrophoresis at 4 V/cm through a 1% agarose, 0.66 M formaldehyde gel and transferred to N-Hybond membranes (Amersham) by capillary elution (Sambrook et al., 1989) . Probes were labeled by the random priming method (Feinberg and Vogelstein, 1984) using 10 ng linearized DNA and 50/zCi [c~-32p]dCTP per reaction. Unincorporated nucleotides were separated by centrifugation through a 1-ml Sephadex G-50 column (Pharmacia). The kr/mafB probe was prepared from a 500-bp NcoI/EcoRI fragment of the 3' UTR of the mouse kr cDNA and the GAPDH probe from a fragment spanning the coding region of the chicken cDNA (Dugaiczyk et al., 1983) . Filters were hybridized according to Church and Gilbert (1984) , washed under high stringency conditions and exposed to X-ray film.
